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Abstract; The current study was undertaken to evaluate the possibility of producing a human pro-insulin transgenic 
cow by means of somatic cell nuclear transfer (SCNT). A double selection system, Neomycin resistance ( Neo" ) gene and 
enhanced green fluorescent protein ( EGFP ) gene linked through an inner ribosomal entry site ( IRES ) sequence directed 
by a Cytomegalovirus (CMV ) promoter, was used for enrichment and selection of the transgenic cells and preimplantation 
embryos. Transgenes were introduced into bovine fetal fibroblast cells ( BFF ) cultured in vitro through electroporation ( 900 
V/cm, 5 ms ). Transgenic bovine fibroblast cells (TBF ) were enriched through addition of G418 in culture medium ( 800 
pg/mL ). Before being used as a nuclear donor, the TBF cells were either cultured in normal conditions (10% FBS ) or 
treated with serum starvation (0.5% FBS for 2-4 days ) followed by 10 hours recovery for G1 phase synchronization . 
Transgenic cloned embryos were produced through GFP-expressing cell selection and SCNT. The results were the percent- 
age of blastocyst development following SCNT was lower using TBF than BFF cells (23.2% VS 35.2%, P <0.05). No 
difference in the percentage of cloned blastocysts between the two groups of transgenic nuclear donor of normal and starva- 
tion cultures were observed (23.2% VS 18.9%, P >0.05 ). Two to four GFP-expressing blastocysts were transferred into 
the uterus of each synchronised recipient. One pregnancy from of seven recipients (21 embryos ) was confirmed by rectum 
palpation 60 days after embryo transfer and one recipient has given birth to a calf at term. PCR and DNA sequencing anal- 
ysis confirmed that the calf was produced using human proinsulin transgenic animal . 
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Large scale production of human recombinant pro- 
teins in transgenic animals is one of the major success- 
es of biotechnology. The mammary glands of large ani- 
mals is well suited for the production of these proteins 
(Louis, 2000). Therapeutic proteins, such as alpha-1 
antitrypsin, antithrombin, and several monoclonal anti- 
bodies, have been produced in the milk of transgenic 
animals ( Wright et al, 1991; Edmunds et al, 1998; 
Pollock et al, 1999). The benefits of this technology 
include high production yields, low capital investment, 
and the elimination of reliance on products derived 
from human blood. Until recently, the only reliable 
method available for producing transgenic farm animals 
has been pronuclear microinjection. However, only 
0.5% -3% of microinjected embryos gave rise to trans- 
genic offspring (Ebert et al, 1994; Behboodi et al, 
2001 ). The emerging use of transfected cultured somatic 
cells as nuclear donors for nuclear transfer ( NT ) has 
several advantages over microinjection, and has facili- 
tated the generation of transgenic animals, especially in 
domestic species (Schnieke et al, 1997; Baguisi et al, 
1999; Onishi et al, 2000). This method allows the se- 


lection of transgenic cells in a relatively long period, 





in vitro, by using drug selection marker genes usually 
contained in transgene constructs and even allows the 
selection of homologous recombinant cell clones, which 
results in gene targeting in domestic animals. 

All animals created via NT from such selected 
cells should be but are not always transgenic. Several 
studies have observed a so-called bystander effect, 
where transgenic cells, which express the antibiotic-re- 
sistance gene ( such as Neo" ), provide the protection to 
nearby non-transgenic cells either by secretion of the 
gene product into the medium or by direct cell-to-cell 
contact ( Bondioli et al, 2001; Echelard et al, 2002 ). 
As a result, many transfected colonies are mixed and 
contain both transgenic and non-transgenic cells. NT 
blastocysts derived from these donor cells were also 
mixed resulting in embryo transfer of non-transgenic 
embryos to recipients. Green fluorescent protein is a 


genetic reporter system derived from a bio-iluminescent 


eB; ARSE: RAZOCEA; RERA 





TF 





LEAS: 0254-5853 ( 2007 ) 04- 0409-08 


jellyfish and it has been used successfully as a marker 
in DNA microinjection embryos (Takada et al, 1997; 
Keiser et al, 2001 ). 

In this study, in order to produce transgenic cows 
expressing human insulin in milk, we employed both 
the Neo” and EGFP genes to construct a double selec- 
tion vector for the enrichment and selection of the 
transgenic nuclear donor cells and for a pre-screening 
of the preimplantation embryos. In vitro developmental 
capacities of NT embryos using transgenic fetal fibrob- 
last cells versus the same cell line non-transfected and 
the influence of donor cell synchronization on transgenic 
cloned embryo development were also investigated. 


1 Materials and Methods 


1.1 Construction of pNEI vector 

The pNEI vector using pGEM® -7Zf ( + ) as back- 
bone contains two expression unit. The marker gene ex- 
pression unite contains 0.58 kb of Cytomegalovirus 
CCMV ) promoter, 0.97 kb of neomycin resistance 
(Neo™) gene, 0.58 kb of inner ribosomal entry site 
CIRES ) sequence, 0.72 kb of enhanced green fluores- 
cent protein (EGFP ) gene and a SV40 polyA. The hu- 
man proinsulin gene expression unit contains 0.84 kb 
of bovine a-lactoalbumin promoter ( pBLA ), 1.34 kb of 
human pro-insulin genomic sequence ( HI ) including 
polyA signal and 3’ flanking region. To prepare the 
fragment for transfection, pNEI was linearized through 
digestion with Xhof then purified (Fig. 1). 
1.2 Isolation, culture, and transfection of fibrob- 

lasts 

Bovine fetal fibroblast (BFF ) cells were isolated 
from a 3-month fetus as previously described ( Yang et 
al, 2006). Briefly, samples were finely minced and 
tissues were plated in a 60 mm culture dish with 
DMEM/F 12 medium ( Gibco BRL, USA ) supplemented 
with 10% fetal bovine serum (FBS )( TBD, Tianjin, P. 
R. C), 2 mmol/L L-glutamine ( Sigma, USA ) and 50 
IU/mL (50 pg/mL ) penicillin-streptomycin ( Sigma, 
USA ) and cultured in a humidified 5% CO, incubator 
at 37. 10°BFF passage 2 cells were electroporated 
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Fig. 1 


The marker gene expression cassette containing a 0.9 kb sequence of neomycin resistance gene ( Neo’ ) linked with a 0.7 kb enhanced green 


Schematic representation of the pNEI transgene . 


fluorescent protein gene ( EGFP ) was directed by a human cytomegalovirus immediate early promoter (pCMV ) and ended with a SV40 
polyA; A 1.34 kb fragment of human proinsulin gene genomic sequence including its polyA tail (HI polyA ) was directed by a bovine a-lac- 
toalbumin promoter (pBLA, 0.84 kb ). The vector was linearized by Xhol digestion before transfection. The arrows indicate three pairs of 


PCR primer to detect the integration of the transgene. 


(Gene Pulser Xcell™, BioRad, USA ) with 20 pg/mL 
linerized pNEI vector with a single pulse of 180 V for 5 
ms using a 2 mm Gap cuvette. Cells were then seeded 
into 6-well plates. G418 selection ( 800 ng/mL ) was 
applied 48 h after seeding. After two weeks, selected 
colonies were pooled for fluorescence analysis and cry- 
opreservation. 
1.3 In vitro maturation of bovine oocytes 

Bovine ovaries collected from a local slaughter 
house were transported to the laboratory in a 0.9% 
(V/V ) NaCl solution and maintained at 25-30°C. until 
recovery of cumulus oocytes complexes ( COCs ). The 
follicular fluid with COCs was aspirated from 2-8 mm 
follicles through an 18-gauge needle connected to a sy- 
ringe and recovered into a 100 mm culture dish. Only 
oocytes enclosed in compact cumulus with evenly gran- 
ulated cytoplasm were selected for maturation. The 
COCs were washed three times in maturation medium, 
which consisted of bicarbonate-buffered TCM-199 
(Gibco BRL, USA ) supplemented with 10% (V/V ) 
FBS, 0.005 IU/mL FSH ( Antrin, Japan ) and 1 mg/ 
mL 178-estradiol (Sigma, USA). A group of 100-300 
COCs were cultured for maturation in a 30 mm culture 
dish containing 2 - 3 mL of maturation medium at 
38.5°C in a humidified atmosphere of 5% CO, for 18 
hrs. 
1.4 Nuclear transfer 

The in vitro matured oocytes were denuded at 18h 
post maturation (hpm ) by pipetting in PBS-containing 
0.1% hyaluronidase (Sigma, USA ). The metaphase 
IL-associated chromosomes were removed from oocytes 
at 18-22 hpm in 25 mmol/L Hepes buffered TCM199 
medium containing 10% FBS, 7.5 ng/mL cytochalasin 
B (Sigma, USA ) and 5 pg/mL Hoechst 33342 ( Sig- 
ma, USA) by gentle aspiration of the polar body and 


the metaphase plate in a small amount of cytoplasm us- 
ing a glass pipette 20 um in diameter. The oocytes 
were exposed to ultraviolet light for 1-2 s to ensure the 
removal of the oocyte chromatin before and after the 
process. In the groups using transgenic cells as nuclear 
donors, only cells expressing GFP were picked for nu- 
clear transfer. Non-transgenic cells were used as a con- 
trol. A single donor cell was placed under the zona 
pellucida of the enucleated oocyte. The cell-cytoplast 
complexes were then fused by application of two DC 
pulses (1.8kV/em ) for 20 us with an interval of 1 sec 
using the Voltain EP1 Cell fusion system ( Cryologic 





Inc., Australia ). The fusion medium was 280 mmol/L 
manitol with 0.1 mmol/L CaCl, 0.1 mmol/L MgCl, 
and 0.01% PVA. The fusion rate was checked 30 min 
after the electrical pulse. The reconstructed embryos 
(fused ) were activated through incubation in SOF 
medium containing 7% ethanol for 7 min then in SOF 
medium containing 2 mmol/L 6-DMAP ( Sigma, USA ) 
for 4 hrs. No more than 50 of the activated reconstruct- 
ed embryos were settled in a well of a 4-well dish con- 
taining 500 uL SOF medium ( with essential and non- 
essential amino acids ) at 38.5°C in 5% CO, 5% 0O, 
and 90% N3, covered with mineral oil and were cul- 
tured for 7 days. 
1.5 Selection of transgenic embryos 

The blastocysts derived from SCNT were detected 
for expression of GFP under a fluorescent microscope to 
select the transgenic embryos 7 days after in vitro cul- 
ture. 
1.6 Embryo transfer 

The herds of pure Holstein dairy cows used for 
this study as recipient cows were maintained under 
good agricultural practice at the farm of HuaQi, Inc. 
Day 7 (day 0 = fusion day ) GFP positive blastocysts 
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were non-surgically transferred to synchronized recipi- 
ents on day 7 of their estrus cycle ( day 0 = estrus ). 
Immediately prior to transfer to recipients, embryos 
were placed in equilibrated SOF medium, and trans- 
ported to farm within 3 hours. Two-four embryos were 
transferred into the uterine horn of each recipient. 
Pregnancy was determined by rectum palpation starting 
on day 60 after embryo transfer. 
1.7 Detection transgene of the cloned calf 

In order to detect the transgene integration of the 
cloned calf, genomic DNA was extracted and PCR am- 
plification was performed using three pairs of primers: 
one primer pair (p1 and p2 ) specific to Neo" gene with 
expected product of 976 bp; one primer pair ( p3 and 
p4 ) specific to EGFP gene with expected product of 
658 bp and the last one ( p5 and p6 ) specific to the se- 
quence spanning human insulin expression unit and 
EGFP unit with expected product of 1160 bp. 

P1 5'-GGAGCTAGCCGCATGATIGAACAAG-3’, 

P2 5’-GTAGGATCCGAACTCCAGCATGAGA-3' 

P3 5'-TGAAGGATGCCCAGAAGGTA-3’ , 

P4 5’-AGTTCACCTTGATGCCGTIC-3’ 

PS 5’-GACCACTACCAGCAGAACAC-3’ , 

P6 5’-CCAGGAAGAGGATGACAAGA-3' 

Genomic DNA (300 ng ) was amplified in a 50 uL 
PCR reaction containing 2.5 units Taq polymerase 
(Takara, Dalian, China ) and its buffer, 1.5 mmol/L 
MgCl,, 2 mmol/L dNTP, and 50 pmol specific primers . 
PCR amplification was carried out for 35 cycles with de- 
naturing for 1 min at 94°C, annealing for 1 min at 58°C, 
extension for 40sec at 72°C, and a final extension for 10 
min at 72°C. Ten microliters of PCR products were 
loaded on a 1% agarose gel for electrophoresis and 
stained with ethidium bromide. The PCR products iso- 
lated from gels were cloned into a T-vector using a TA 
Cloning Kit (Tiangen Biotech, China ) and were se- 
quenced (‘Takara , Dalian, China ). 
1.8 Experimental designs 

In order to investigate the effect of transfection of 
foreign DNA fragments on the development competence 
of SCNT embryos, transgenic or non-transgenic fibrob- 
last cells cultured in normal conditions were used as 
donor cells. To determine the effect of the G1 stage 
synchronization method on transgenic cloning efficien- 
cy, transgenic fibroblast cells were serum starved 
(0.5% FBS ) for 2-4 days followed by 10 hrs recovery 
(10% FBS ) and then used as a nuclear donor. The 
percentage of cloned blastocysts derived from the three 


donor cell groups were compared. 

In order to produce transgenic cloned calves, Day 
7 GFP-expressing SCNT blastocysts were transferred into 
the uterine horn of recipient cows on Day 7 after estrus. 
1.9 Statistical analysis 

All the data were analyzed by y?-test. A value of 
P <0.05 was considered to be significantly different. 


2 Results 


2.1 Establishment of transgenic donor cells 

The data was published previously ( Yang et al, 
2006 ). Briefly, transgenic BFF cells were selected out 
through the addition of G418 in medium for two weeks, 
and the transgenic cell clones were pooled and eryopre- 
served. The integration of Human pro-insulin transgene 
was confirmed through PCR detection . 
2.2 Influences of donor cell treatment on NT em- 

bryo development 

As shown in Tab. 1, the development to blasto- 
cyst was higher when embryos were reconstructed with 
the non-transfected cells than with the transfected ( P 
< 0.05). Also as shown in Tab. 1, no significant dif- 
ferences in rate of blastocysts were observed between 
the two groups of transgenic cells as nuclear donor. 


Tab. 1 Effects of donor cells on NT blastocysts development 





Doublets fused Blastocysts 

Donor cell type Oocytes (%) (% ) 
paca SSR 283 159(56.2}  30(18.9} 
see NC 544 301(55.3%  70(23.2} 
Non-transgenic 385 228 (59.1 71 (35.2 





Different letters (b and c ) in the same column indicate significantly dif- 
ferent ( P < 0.05 ). SSR: serum starvation and recovery, NC: normal 
culture. 


2.3 GFP expression of NT blastocysts 

Among the 100 cloned blastocysts derived from 
transgenic donor cells, GFP was detected under fluo- 
rescent microscope in 63 embryos (Fig. 2). 
2.4 ET results and identification of human pro- 

insulin transgenic cow 

In order to produce transgenic cloned cows, 21 
GFP-expressing blastocysts were transferred into seven 
recipients (2-4 embryos/recipient ). At Day 60 after 
embryo transfer, one pregnancy was confirmed by rec- 
tal palpation. Fortunately, the only pregnancy was car- 
ried to term and one calf was delivered ( Fig. 3). 
Analysis of genomic DNA by PCR amplification re- 
vealed the integration of all three foreign genes (human 


insulin gene and two marker genes ) in this calf, while 
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no transgene integration was detected in the surrogate 
female Holstein cows ( Fig. 4). The PCR products 
were gel purified. cloned and sequenced. Sequence 
analysis confirmed the presence of transgenes in the 
transgenic cloned calf. 


3 Discussion 


Bondioli et al ( 2001 ) reported that 100% (2/2 ) 
of cloned pigs born from drug-selected cells were non- 
transgenic. In addition, Echelard et al ( 2002 ) report- 


40m 


ed that 4/6 ( 66.7% ) cloned calves born from drug-se- 
lected CL53 cells were non-transgenic. In this study, 
a double selection system using EGFP Neo” for over- 
coming the so called bystander effect was utilized suc- 
cessfully in bovine transgenic nuclear transfer. The 
calf developed to term was transgenic due to the appli- 
cation of the double selection system, which indicated 
that transgenic selection by Neo” plus EGFP maybe a 
hopeful solution to the bystander problem in transgenic 
NT. 





Fig. 2 Transgenic embryos produced by transgenic cloning 


a, Detection of GFP in a 8-cell embryo under fluorescent microscope. b, Blastocysts under normal light microscope as control of c. c, 


Blastocysts under fluorescent microscope show a few embryos in which GFP were undetectable. d, Blastocysts under normal light mi- 


eroscope as control of e. e, Blastocysts under fluorescent microscope. f, Transgenic cloned blastocyst under UV pre-stained with 


Hochest33342 show the nuclears . 





Fig. 3 The transgenic cloned calf named MengKe II (left) and its surrogate mother (right. 1 month before delivery ). 
Born in 15th, Aug, 2005 in Inner Mongolia, China. Birth weight 55 kg, Delivered by Caesarean operation at day 280 after embryo transfer. 
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Fig. 4 Identification of Neo’, EGFP and pRLA-HI integration in the cloned calf by PCR analysis of total DNA. 
Lanes 1-3: PCR products using DNA of the cloned calf as template. The primer pairs used in lane 1, 2 and 3 are specific for Neo’, 
EGFP and EGFP + pLA-HI, respectively. Lanes 4-6 were controls for ane 1-3 with DNA from surrogate female as template. Lane C 


is a control without template. M: DNA marker. 


Since all transgenic donor cells were EGFP posi- 
tive as detected when used as NT donor cells, it’s un- 
expected that 37% of NT blastocysts derived from these 
cells appeared negative in our results. In addition, the 
somatic cell derived from the cloned calf can grow in 
media containing more than 1 000 pg/mL G418 for over 
two weeks, but GFP expression can’t be observed ( da- 
ta not present ). A similar result was observed by Chen 
et al ( 2002 ) and Gong et al ( 2004). The former ex- 
plained that the observation was limited by the transient 
expression of GFP in some fibroblasts, gene silencing 
in the embryo or expression of GFP beyond our visual 
detection. The CMV promoter is well known to be 
prone to DNA methylation and is frequently silenced in 
the transgenic animals. That may be the reason for the 
37% of the blastocysts in which the GFP was not de- 
tected in this study. Presumably, this phenomenon in- 
dicated that the transgene could be inserted into a site 
that is vulnerable to DNA methylation in these trans- 
genic cloned blastocysts. To some extent, GFP selec- 
tion at blastocyst stage in this study excluded some of 
these embryos to be transferred. Presumably, trans- 
genes would be less influenced by the so called “site- 
effect” in the genome of transgenic offspring . 

As indicated in Tab. 1, more NT embryos derived 
from non-transfected donor cells developed into blasto- 
cyst stage compared with that from transfected donor 
cells. However, examples of contradictory results have 
been observed in bovine. Some reports ( Zakhartchenko 
et al, 2001; Bhuiyan et al, 2004 ) indicated a signifi- 
cant decrease in blastocyst rate when using transfected 
cells compared to non-transfected donor cells, while 
others reported no difference in blastocyst development 
rates between NT of transfected and non-transfected 
cells ( Brophy et al, 2003). Zakhartchenko ( Za- 
khartchenko et al, 2001 ) attributed their decreased 
blastocyst rate of embryos reconstructed with transfect- 
ed fetal fibroblasts compared to non-transfected cells to 


the extended culture period required for transfection 
and selection processes, but not to the transgene per 
se. However, by using transfected and non-transfected 
adult bovine granulosa donor cells, Arat et al ( 2001 ) 
have demonstrated that cells cultured in vitro for a long 
period (15 passages ) had better cleavage and blasto- 
cyst rates than cells from earlier passages (10, 11 and 
13 passages ). Another report ( Bhuiyan et al, 2004 ) in 
the bovine SCNT demonstrated that transfected ear fi- 
broblasts were less able to develop to the blastocyst 
stage than their non-transfected counterparts, regard- 
less of passage number ( early or late ). It is more likely 
that discrepancies among the results reported up to now 
are due to the differences in vector type, transfection 
protocols ( Bhuiyan et al, 2004), NT methods and 
donor cell culture conditions ( Wells et al, 2003 ). Fur- 
thermore, the site of gene s ) integration( s), the trans- 
gene used and its possible interference in endogenous 
gene expression could influence results ( Hodges and 
Stice, 2003 ). It has been reported that each colony re- 
sulting from transfection and selection in G418 has 
widely different development potential when used for NT 
(Dai et al, 2002). To reduce the chance of working 
with a colony with low developmental potential, Chen et 
al ( 2002 ) pooled the colonies after G418 selection. 
They pointed out that the use of early passage pools, 
compared with single colonies exposed to long-term cul- 
ture during selection, has the added benefit of providing 
potentially healthier donor cells for NT. Compared with 
the use of individual colonies, this strategy increases the 
number of possible integration events used to produce 
offspring, thus increasing the probability of obtaining 
one or more highly expressing lines. The lower efficien- 
cy of NT with transgenic cells may be due to the pro- 
cesses of transfection and selection but may also be due 
to sampling errors related to the use of a single trans- 
genic colony. In this study, in order to reduce the risk 
of long term selection culture in G418 medium and the 
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risk of mono-colony, we pooled the transgenic cells after 
G418 selection. However, the results still show a de- 
crease in blastocyst development in transgenic cloning 
compared with that of non-transgenic cloning. 

To date, investigations of the cell cycle (GO, G1, 
S and G2 ) for nuclear transfer have focused on the ba- 
sic question concerning the DNA content of the donor 
cell to maintain correct ploidy after nuclear transfer and 
to avoid occurrence of chromatin abnormalities ( Camp- 
bell et al, 1996). A number of studies have reported 
that donor cells, which are assumed to be at quies- 
cence (GO), or at G1 phase, give better results in nu- 
clear transfer ( NT ) than cells at other phases of the 
cell cycle ( Collas et al, 1992). Whether GO or G1 
cells function better as donor cells is yet to be deter- 
mined by detailed studies. While some researchers re- 
ported that serum starved (GO ) cells support better em- 
bryo development ( Wilmut et al, 1997; Cho et al, 
2002), others reported that there were no differences 
in embryo development between GO and G1 derived NT 
embryos ( Cibelli et al, 1998; Korfiatis et al, 2001 ). 
However, Kasinathan et al ( 2001 ) reported that there 
was a higher number of viable offspring in the produc- 
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